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Title of Thesis: Design a new humidification-dehumidification (HDH) system using heat pump.

Abstract: Demand for fresh water has increased very dramatically in recent years due to the huge increase of the population and the great development in
industry and agriculture. However, the available freshwater is already a scarce resource and does not satisfy the global increasing need for fresh water.
Therefore, finding alternative resources for fresh water suitable for human uses and irrigation is one of the most important research challenges which
scientists are facing today. Among many water treatment technologies, seawater desalination process is the ideal solution to address the problem of the
shortage of fresh water in many places around the world. However, energy consumed in the desalination process is the major challenge which faces its
success in solving the problem of the shortage of fresh water. Generally, desalination process consumes very large amounts of energy. The integration of
humidification-dehumidification technology and a heat pump system presents an impressive desalination method. From the energy point of view, the heat
pump provides a high overall efficiency as it makes a high recovery of both mass and heat. The proposed system has been implemented experimentally
to test its performance and efficiency, where a series of experiments were conducted under the meteorological conditions of Iraq to evaluate the system
performance under different applications and operating conditions. The study involved seven main parts; the first four parts represents the test and
evaluation of the performance of different operating systems in order to reach the optimum situation for the new water desalination system. Part five tests
and evaluates different types and sizes of the packing materials and its effects on the performance of the new water desalination system. Part six has been
dedicated to formulate a mathematical model for predicting of the optimum operating conditions. Finally, the efficiency of the photovoltaic system has
been represented in part seven. The experimental side includes studying the effect of some parameters on the performance of the new desalination system.
These parameters are; water and air temperatures , flow rates of air and water supplied to the system, the relative humidity of air, air/water ratio and types
of packing materials within the system. The performance of the system was evaluated using a set of parameters which are carefully chosen to perform a
detailed system analysis. The key parameters that are chosen to study and evaluate the system are; the outlet temperature of air of humidifier and
evaporator, productivity, power consumed to produce 1kg freshwater, COP, GOR, recovery ratio and moisture content of the outlet air of humidifier. The
experimental results show that the configuration of the new desalination system using Closed-Air Closed-Water (CACW) system showed a better
performance compared to other configurations in terms of productivity and consumed power per 1kg of fresh water. The freshwater production was about
103 liters per day. Energy required was only 543 kJ per kg of fresh water produced. The experimental results gave maximum values of the GOR and COP
of about 4.53 and 6.52 respectively. The 16 mm Pall rings packing has given the best results regarding evaluation parameters of efficiency of the
desalination process compared to Honeycomb cellulose paper and 30 mm Pall rings. The simulation model results show good agreement with the
experimental results where the average relative error between the simulation and experimental results in productivity ,GOR , power consumed, COP and
the moisture content were 17.8% , 12.75% ,11.3% 13.67% and 12.65%, respectively. This provides a reliable simulation model for the performance
prediction of the system under different operating conditions. In order to utilize maximum energy available to the system, six photovoltaic units of poly
crystalline cells were used to run parts of the new desalination system. The experimental results showed that the integration of the photovoltaic units with
the new desalination system presents an impressive method of reducing the energy consumed in the desalination process in small-capacity desalination
units. In conclusion, sustainability assessment of the new desalination system shows that the proposed system can produce fresh water with reasonable
cost, high efficiency, simple manufacturing. Furthermore, it has been found that this system exhibits great potential for future developments and will
likely be more economically feasible, reasonable and technically attractive desalination system toward solving the energy and water problems.







